
NATIONAL AIR QUALITY AND EMISSIONS TRENDS REPORT, 2003

CHAPTER 3   •   CRITERIA POLLUTANTS — METROPOLITAN AREA TRENDS       51

C H A P T E R  3

Criteria Pollutants —
Metropolitan Area Trends

http://www.epa.gov/oar/airtrends/metro.html

This chapter presents status and
trends in criteria pollutants for
metropolitan statistical areas (MSAs)
in the United States. The MSA status
and trends give a local picture of air
pollution and can reveal regional
patterns of trends. Such information
can allow individuals to gauge the
air pollution situation where they
live. Not all areas in the country are
in MSAs, and not all MSAs are
included here. A complete list of
MSAs and their boundaries can be
found in the Statistical Abstract of the
United States.1 The status and trends
of MSAs are based on four tables
found in Appendix A (A-15 through
A-18). Table A-15 gives the 2000 peak
statistics for all MSAs, providing the
status of that year. It also shows 
10-year trends for the 263 MSAs
having data that meet the trends
requirements explained in Appendix
B. Table A-16 lists these MSAs and
reports criteria pollutant trends as
“upward,” “downward,” or “not
significant.” These categories are
based on a statistical test, known as
the Theil test, described later in this
chapter.

Another way to assess trends in
MSAs is to examine Air Quality
Index (AQI) values.2,3,4 The AQI is
used to present daily information to
the public on one or more criteria
pollutants in an easily understood
format and in a timely manner.
Tables A-17 and A-18 list the number
of days with AQI values greater than
100 for the nation’s 94 largest metro-
politan areas (population greater
than 500,000). Table A-17 lists AQI
values based on all pollutants, and
Table A-18 lists AQI values based on
ozone alone.  The tables listing
Pollutant Standards Index (PSI) data
from previous reports may not agree
with the tables in this report because
of the new way to calculate the AQI.
These changes are presented in more
detail later in this chapter.

A new technique for displaying
air quality information is also
described. This technique presents
visual clues as to the status of differ-
ent MSAs.

Not every MSA appears in these
tables. Some do not appear because
the population is so small or the air
quality is so good that AQI reporting

is not currently required. Ambient
monitoring for a particular pollutant
may not be conducted if there is no
problem, thus some MSAs have no
ongoing air quality monitoring for
one or more of the criteria pollutants.
In addition, there are also MSAs
with too little monitoring data for
trends analysis purposes (see
Appendix B).

Status: 2001
The air quality status for MSAs is
provided in Table A-15, which lists
peak statistics for all criteria pollut-
ants measured in an MSA. As dis-
cussed above, not all criteria
pollutants are measured in all MSAs,
hence the “ND” (no data) listings in
Table A-15. Examining Table A-15
shows that 140 areas had peak con-
centrations exceeding standard levels
for at least one criteria pollutant. 
The number of these areas increased
by 4 the count from 2000 (136 areas).
These 140 areas are home to 56 per-
cent of the U.S. population. Similarly,
there were 60 areas (with 36 percent
of the population) that had peak
statistics that exceeded two or more
standards. Six areas—Bakersfield,
CA, Riverside–San Bernardino, CA,
Fresno, CA, Birmingham, AL, 
St. Louis, MO, and Visalia–Tulare–
Porterville, CA (with 3 percent of the
U.S. population)—had peak statistics

Worth Noting
• Out of 296 metropolitan statistical areas, 36 have significant upward trends.

• Of these, only trends involving ozone had values over the level of air 
quality standards.
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from three pollutants that exceeded
the respective standards. There was
one area that violated four or more
standards (St. Louis, MO).

Trends Analysis
Table A-16 displays air quality trends
for MSAs. The data in this table are
average statistics of pollutant
concentrations from the subset of
ambient monitoring sites that meet
the trends criteria explained in
Appendix B. A total of 246 MSAs
have at least one monitoring site that
meets these criteria. As stated previ-
ously, not all pollutants are measured
in every MSA. From 1992 to 2001,
statistics based on the standards
were calculated for each site and
pollutant with available data. Spatial
averages were obtained for each of
the 246 MSAs by averaging these
statistics across all sites in an MSA.
This process resulted in one value
per MSA per year for each pollutant.
Although there are seasonal patterns
of high values for some pollutants in
some locations, the averages for
every MSA and year provide a con-
sistent indicator with which to assess
trends.

Because air pollution levels are
affected by variations in meteorol-
ogy, emissions, and day-to-day activ-
ities of populations in MSAs, trends
in air pollution levels are not always
well defined. To assess upward or
downward trends, we applied a
statistical significance test to these
data. An advantage of using the
statistical test is the ability to test
whether or not the upward or
downward trend is real (significant)
or just a chance product of year-to-
year variation (not significant).
Because the underlying pollutant
distributions do not meet the usual
assumptions required for common

significance tests, the test was based
on a nonparametric method
commonly referred to as the Theil
test.5,6,7,8 By using linear regression
to estimate the trend from changes
during the entire 10-year period, we
can detect an upward or downward
trend even when the concentration
level of the first year equals the
concentration level of the last year. 

Table 3-1 summarizes the trend
analysis performed on the 246 MSAs.
It shows that there were no upward
trends in carbon monoxide (CO).
PM10 and sulfur dioxide had upward
trends in 7 MSAs over the past
decade, NO2 had upward trends in 3
MSAs, while SO2 had upward trends
in 4 MSAs. Lead had an upward
trend in 1 MSA. Further examination
of Table A-16 shows that, of the 246
MSAs, (1) 180 had downward trends
in at least one of the criteria pollu-
tants, (2) 36 had upward trends (of
these 36, 25 also had downward
trends in other pollutants, leaving
9 MSAs with exclusively upward
trends), and (3) only 2 MSAs had no
significant trends. A closer look at
the 36 MSAs with upward trends
reveals that 13 were exceeding the

level of the 8-hour ozone standard,
and 3 were above the 1-hour stan-
dard. For all other pollutants with
upward trends in any MSA, the lev-
els observed were well below stan-
dard levels. Taken as a whole, these
results still demonstrate significant
improvements in urban air quality
over the past decade for the nation;
however, the number of MSAs with
upward trends is increasing when
compared to numbers in previous
reports. 

The Air Quality Index
The AQI provides information on
pollutant concentrations for ground-
level ozone, particulate matter,
carbon monoxide, sulfur dioxide,
and nitrogen dioxide. Formerly
known as the PSI, this nationally
uniform air quality index is used by
state and local agencies for reporting
daily air quality to the public. In
1999, EPA updated the AQI to reflect
the latest science on air pollution
health effects and to make it more
appropriate for use in contemporary
news media, thereby enhancing the
public’s understanding of air

Table 3-1. Summary of MSA Trend Analyses by Pollutant, 1990–1999 

# MSAs
with No

Total # # MSAs # MSAs Significant
Trend Statistic MSAs Up Down Trend

CO Second max. 8-hour 134 0 104 30
Pb Max. quarterly mean 35 1 12 22
NO2 Arithmetic mean 97 3 37 57
O3 Fourth max. 8-hour 202 17 10 175
O3 Second daily max. 1-hour 202 12 15 175
PM10 Ninetieth percentile 164 4 41 119
PM10 Weighted annual mean 164 7 60 97
SO2 Arithmetic mean 139 4 70 65
SO2 Second max. 24-hour 139 2 62 75
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small number of individuals. For
example, people who are unusu-
ally sensitive to ozone may expe-
rience respiratory symptoms.

• Unhealthy for Sensitive Groups
(101–150): Certain groups of
people may be particularly sensi-
tive to the harmful effects of
certain air pollutants. This means
they are likely to be affected at
lower levels than is the general
public. For example, people with
respiratory disease are at greater
risk from exposure to ozone,
while people with respiratory
disease or heart disease are at
greater risk from particulate
matter. When the AQI is in this
range, members of sensitive
groups may experience health
effects, but the general public is
not likely to be affected.

• Unhealthy (151–200): Everyone
may begin to experience health
effects. Members of sensitive
groups may experience more
serious health effects.

• Very Unhealthy (201–300): Air
quality in this range triggers a
health alert, meaning everyone
may experience more serious
health effects.

• Hazardous (over 300): Air quality
in this range triggers health warn-
ings of emergency conditions. The
entire population is more likely to
be affected.
Because different groups of peo-

ple are sensitive to different pollut-
ants, there are pollutant-specific
health effects and cautionary state-
ments for each category in the AQI.

An AQI report will contain an
index value, category name, and the
pollutant of concern and is often
featured on local television or radio
news programs and in newspapers,
especially when values are high. For

national consistency and ease of
understanding, if the AQI is reported
using color, there are specific,
required colors associated with each
category. Examples of the use of
color in AQI reporting include the
color bars that appear in many news-
papers and the color contours of the
ozone map. The six AQI categories,
their respective health effects des-
criptors, colors, index ranges, and
corresponding concentration ranges
are shown in Table 3-2. EPA has also
developed an AQI logo (Figure 3-1)
to increase the awareness of the AQI
in media reports and also to indicate
that the AQI is uniform throughout
the country.

The AQI integrates information on
pollutant concentrations across an
entire monitoring network into a
single number that represents the
worst daily air quality experienced in
an urban area. For each of the pollut-
ants, concentrations are converted
into index values between 0 and 500.
The level of the pollutant with the
highest index value is reported as the
AQI level for that day. There is a new
AQI requirement to report any
pollutant with an index value above
100. In addition, when the AQI is
above 100, a pollutant-specific state-
ment indicating what specific groups
are most at risk must be reported.
For example, when the index value is
above 100 for ozone, the AQI report
will state “children and people with
asthma are most at risk.” The AQI
must be reported in all MSAs with
air quality problems and populations
greater than 350,000 according to the
2000 census. Previously, urbanized
areas with populations greater than
200,000 were required to report the
index.

pollution across the nation. Currently,
the AQI may be found in national
media such as USA Today and on the
Weather Channel, as well as in local
newspapers and broadcasts across
the country. It also serves as a basis
for community-based programs that
encourage the public to take action to
reduce air pollution on days when
levels are projected to be of concern.
An Internet Web site, AIRNOW
(http://www.epa.gov/airnow), which
presents “real time” air quality data
and forecasts of summertime smog
levels for most states, uses the AQI to
communicate information about air
quality. The index has been adopted
by many other countries (e.g., Mexi-
co, Singapore, and Taiwan) and is
used around the world to provide the
public with information on air pollut-
ants.

AQI values for each of the pollut-
ants are derived from concentrations
of that pollutant. The index is
“normalized” across each pollutant
so that, generally, an index value of
100 is set at the level of the short-
term, health-based standard for that
pollutant. An index value of 500 is set
at the significant harm level, which
represents imminent and substantial
endangerment to public health.9 The
higher the index value, the greater
the level of air pollution and health
risk. 

To make the AQI as easy to under-
stand as possible, EPA has divided
the AQI scale into six general cate-
gories that correspond to a different
level of health concern:
• Good (0–50): Air quality is consid-

ered satisfactory, and air pollution
poses little or no risk.

• Moderate (51–100): Air quality is
acceptable; however, for some
pollutants there may be a
moderate health concern for a very



O3 (ppm) O3 (ppm) PM2.5 PM10 CO SO2 NO2

Category AQI 8-hour 1-hour (µg/m3) (µg/m3) (ppm) (ppm) (ppm)

Good 0–50 0.000–0.064 (b) 0.0–15.4 0–54 0.0–4.4 0.000–0.034 (c)

Moderate 51–100 0.065–0.084 (b) 15.5–40.4 55–154 4.5–9.4 0.035–0.144 (c)

Unhealthy for 101–150 0.085–0.104 0.125–0.164 40.5–65.4 155–254 9.5–12.4 0.145–0.224 (c)
Sensitive Groups

Unhealthy 151–200 0.105–0.124 0.165–0.204 65.5–150.4 255–354 12.5–15.4 0.225–0.304 (c)

Very unhealthy 201–300 0.125–0.374 0.205–0.404 150.5–250.4 355–424 15.5–30.4 0.305–0.604 0.65–1.24

Hazardous 301–400 (a) 0.405–0.504 250.5–350.4 425–504 30.5–40.4 0.605–0.804 1.25–1.64
401–500 (a) 0.505–0.604 350.5–500.4 505–604 40.5–50.4 0.805–1.004 1.65–2.04

aNo health effects information for these levels—use 1-hour concentrations.
b1-hour concentrations provided for areas where the AQI is based on 1-hour values might be more cautionary.
cNO2 has no short-term standard but does have a short-term “alert” level.
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Summary of AQI
Analyses
Of the five criteria pollutants used to
calculate the AQI, only four (CO, O3,
PM10, and SO2) generally contribute
to the AQI value. In recent years,
nitrogen dioxide has never been the
highest pollutant measured because
it does not have a short-term stand-
ard and can be included only when
the index reaches a value of 200 or
greater. Ten-year AQI trends are based
on daily maximum pollutant concen-
trations from the subset of ambient
monitoring sites that meet the trends
requirements in Appendix B.

Because an AQI value greater
than 100 indicates that at least one
criteria pollutant has reached levels
at which people in sensitive groups
are likely to suffer health effects, the
number of days with AQI values
greater than 100 provides an indica-
tor of air quality in urban areas.
Figure 3-2 shows the trend in the
number of days with AQI values
greater than 100 summed across the
nation’s largest metropolitan areas.
This number is expressed as a per-
centage of the days in the first year
(1992). Because of their magnitude,
AQI totals for Los Angeles, CA,

Riverside, CA, Bakersfield, CA,
Ventura, CA, Orange County, CA,
and San Diego, CA, are shown
separately as California. Plotting
these values as a percentage of 1992
values allows trends of different
magnitudes to be compared on the
same graph. The long-term air qual-
ity improvement in California urban
areas is evident in this figure.
Between 1992 and 2001, the total
number of days with AQI values
greater than 100 decreased more
than 50 percent. The variability in
the remaining major cities across 
the United States makes it difficult 
to interpret the change over the 
same period (labeled as “rest” in
Figure 3-2), though it does appear 
to be rising. Other areas that had
serious, severe, or extreme ozone
problems (labeled as “pams” in
Figure 3-2) show almost no change.

Although five criteria pollutants
can contribute to the AQI, the index
is driven mostly by ozone. AQI
estimates depend on the number of
pollutants monitored as well as the
number of monitoring sites where
data are collected. The more pollut-
ants measured and the more sites
that are available in an area, the
better the estimate of the AQI for a

Table 3-2. AQI Categories, Colors, and Ranges

Figure 3-1. Air quality index logo.
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given day.  Historically, ozone
accounts for the majority of days,
with AQI values above 100. Soon,
PM2.5 will also be monitored and
reported on a regular basis, which
will reduce the percentage of days
that ozone is the greatest AQI pollut-
ant. Table A-18 shows the number of
days with AQI values greater than
100 that are attributed to ozone
alone. Comparing Tables A-17 and 
A-18, the number of days with an
AQI above 100 are increasingly due
to ozone. In fact, the percentage of
days with an AQI above 100 due to
ozone have increased from 94 per-
cent in 1992 to 98 percent in 2001
(Figure 3-3). This increase reveals
that ozone increasingly accounts for
those days above the 100 level and,
therefore, reflects the success in
achieving lower CO and PM10 con-
centrations. However, the typical 
1-in-6 day sampling schedule for
most PM10 sites limits the number of
days that PM10 can factor into the
AQI determination, which may, in
some places, account for the pre-
dominance of ozone. In the future,
PM2.5 may challenge ozone as the
dominant pollutant. 

A New Display
Technique
As more and more information
about air pollution and its effect on
our health is being presented to the
public through various media chan-
nels, a need has arisen to provide the
general public with a simple, visual
method for assessing the degree of
air pollution in their communities.
To meet this need, EPA is exploring a
new technique for displaying air
quality information that is designed
to allow the general public to quickly
and easily review the degree of air
pollution in the 319 MSAs across the
United States. This technique would

Figure 3-2. Number of days with AQI values >100, as a percentage of 1990 value.
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use color-coded circles to show
levels of each criteria pollutant in
each MSA relative to its levels in the
other MSAs. A solid blue • indicates
fewer days of unhealthy air (mean-
ing that MSA had fewer AQI days
over 100 for, say, ozone than most of
the other MSAs had for ozone). On
the other end of the spectrum, a
black • indicates more days of
unhealthy air. 

Figure 3-4 presents an example of
how this new display technique
might appear. The legend in Figure
3-4 explains how the color-coded
symbols could be used to quickly
and easily provide information about
air quality and air pollutants. The
new display technique would not
provide new or additional air quality
data, nor would it be used as a
rating system or show trends in air
quality over time. Rather, its purpose
would be to provide a simplified,
visual tool for interpreting air
quality information in selected MSAs
for a specific year for each of the
selected pollutants. EPA is continu-
ing to assess the feasibility of the
new technique and to explore addi-
tional capabilities that might be
added, such as a Web-based applica-
tion that would allow users to sort
and query information to generate
customized reports about health-
related air quality issues, as well as
components relating to multiyear
displays and visibility.

Additional information on this
new display technique is presented
in a discussion paper in the Special
Studies section of this report.

Figure 3-4. Sample from the new display technique.
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